A lthough successful osseointegration of dental implants is usually obtained, the desire to shorten the healing period to allow early loading has been the driving force behind improving or modifying the implant (titanium [Ti] or Ti alloy) surfaces to obtain early osseointegration.
Implant surface modifications are done to increase surface roughness, increase surface area, and provide bioactive and osteoconductive properties. Surface treatment methods include sand-blasting or grit-blasting with abrasives, [1] [2] [3] [4] chemical treatments (acid or alkali), [5] [6] [7] and deposition of calcium phosphate coating. One coating deposition method used for commercial orthopedic and dental implants is plasma-spray using hydroxyapatite (HA) as the source. [8] [9] [10] Other coating methods include electrochemical deposition (ECD) method, 11, 12 physical vapor deposition, 13 plasma sputtering, 14, 15 and precipitation. 16, 17 It has been reported that implants with rough surfaces require a higher removal torque force than smooth surface implants that demonstrate improvement in the interfacial strength.
3,18 -20 Bowers et al 21 reported greater cell adhesion to irregular rough surfaces obtained by sand-blasting. Morphological evaluation of the relationship between the implant surface roughness and increase in bone contact 22 revealed that a sand-blasted surface had an increased rate of new bone formation on the implant surface. 19 Cochran et al 23 reported that bone resorption around the implant was significantly lower in implants after acid etching. This was due to bone conductivity of the acid etched implant surface. Plasma-sprayed HA coated implants have been shown to have higher bone contact, accelerated skeletal fixation, and greater bone/ implant interfacial strength. 24, 25 However, it has also been demonstrated that plasma-sprayed HA coatings have a nonhomogeneous composition: principally HA and amorphous calcium phosphate (ACP) with varying HA/ACP ratio, together with small amounts of ␣-and ␤-tricalcium phosphate (TCP) and tetracalciumphosphate (TTCP). 26 -28 Variation in the HA/ACP ratio was observed within the coating layers and from one commercial coated implant to another. 26, 27 Because ACP is much more soluble than HA, 29 coatings with low HA/ACP ratios may cause premature resorption of the coating and may even lead to implant loosening and failure.
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ECD using pulse modulation could be an alternative to the plasma spray method for depositing apatite or any calcium phosphate coatings (e.g., octacalcium phosphate, carbonate apatite, fluoride-substituted apatite, or calcium-deficient apatite) on implant surfaces. 12, 13, 31 The ECD method produces homogeneous coating composition and uses low temperature (25 to 95°C) compared to plasma spray method (above 10,000°C). 9 Another alternative is the precipitation (or biomimetic) method.
Alumina is generally used as the abrasive for grit-blasting or sandblasting orthopedic and dental implants. Recently, however, apatitic abrasive has been the preferred abrasive and has been shown to promote bone formation.
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The purpose of this study is to compare patterns of early bone formation associated with 3 types of implant surfaces: (1) grit-blasted with alumina; (2) grit-blasted with apatitic abrasive; and (3) grit-blasted with apatitic abrasive which is then plasma sprayed with HA. Evaluation of new bone formation was made using back scattered imaging (BSI).
MATERIALS AND METHODS

Experimental Animals
Twenty-four 24 New Zealand White rabbits (aged 13 weeks and weighing 2.5 kg) were divided into 4 groups (3 rabbits per group, per time period) according to implant surface treatment. The animal protocol was approved by the Experimental Animal Ethics Committee, Nihon University, Matsudo Dental School (No. ECA-02-0019), Japan.
Implant Surfaces
Ti alloy (Ti6Al4V) implants, 2.8 mm in diameter and 8.0 mm in height, were prepared from Ti alloy rods and surface treated as follows: Group 1 (G1) was grit-blasted with alumina abrasive (particle size 300 m); Group 2 (G2) was grit-blasted with apatitic abrasive (MCD, particle size 250 m, HiMed, Long Island NY); and Group 3 (G3) was grit-blasted with apatitic abrasive and plasma-sprayed with hydroxyapatite particles (HA, particle size 75 m, courtesy HiMed, Long Island NY), giving a coating that consisted of 82% crystalline HA and 18% amorphous calcium phosphate (ACP).
Surgery
Pentobarbital sodium solution (Nembutal, Dainippon Pharmaceutical Co., Osaka, Japan) was intravenously administered in the rabbit ear at 25 mg/Kg, according to the method described by Okazaki et al 36 After removing the hair on the inner surfaces of the lower limbs, disinfection using alcohol and iodine tincture, and infiltration anesthesia (2% Xylocaine, Fujisawa Pharmaceutical Co., Osaka, Japan) were performed. Thereafter, an incision was made using a scalpel to expose the bone surface, and the periosteum was abraded.
The implants were placed in surgically created holes (diameter: 2.8 mm, depth: 8.0 mm) in the tibia using an implantation device (Implantor-S, Kyocera Co., Osaka, Japan) operating at 800 rpm. The control had no implants. The holes were 20 mm on the peripheral side of the knee joint, vertical to the long axis of the cortical bone of the tibia. The wound was sutured according to conventional methods (734H, J-1 17 mm needle and silk thread). After surgery, an antibiotic (Shiomarin, Shionogi Pharmaceutical Co., Osaka, Japan) was intramuscularly administered. Three rabbits per group per time period (2 and 4 weeks after implantation) were killed by excess intravenous administration of pentobarbital sodium solution in the ear, and bilateral tibias were excised. After washing with physiological saline, specimens were fixed, dehydrated, and defatted using 70 to 100% ethanol and 100% acetone, and the bone tissues were embedded in resin (Osteoresin embedding kit, Wako Pure Pharmaceutical Co., Osaka, Japan). 
Back Scattered Imaging (BSI) Observation of Non-Decalcified Tissue Specimens
Fifteen to twenty 15-20 nondecalcified tissue specimens (50 m thick) were cut at intervals of 100 m parallel to the long axis of the tibia and parallel to the length of the implant, using diamond disks (Isomet, Buehler, Lake Bluff, IL, USA). The specimens were carbon-coated by vapor surface deposition (TB500, Emscope Laboratories, Ashford, UK), and the center of the sections observed with scanning electron microscopy SEM (JSM-T200, Nihon Electronic Co., Tokyo, Japan) at an acceleration voltage of 15 KV and with back-scattered electron imaging (BSI) attached to the SEM, according to the method of Mishima et al. 37 
RESULTS
Histologic BSI showed the following different patterns of new bone formation: Type A, new bone formed originating from the existing cortical bone towards the implant surface; Type B, new bone formed around the implants; and Type C, new bone formed originating from the medullary cavity.
G1 (Figs. 1a and 1b) showed Haversian lamellar bone (Type A) extending from the surrounding existing cortical bone towards the implant surface. The small amount of new bone formed around the implants (Type B), showed lamellar structure without Haversian canals, and the bone width increased in the fourth week compared with that in the second week. Compared with G2 (Figs. 2a and 2b) and G3 (Figs. 3a and 3b), G1 (Figs. 1a and 1b) showed less amount of new trabecular bone after 2 and 4 weeks.
G2 (Figs. 2a and 2b) showed formation of new cancellous bone originating from the medullary cavity (Type C), and from the cortical bone (Type A) and new bone formed around the implants (Type B) after 2 weeks. On the other hand, bone formation originating from the medullary cavity (Type C) was not observed in G1 (Figs. 1a and 1b) and in G3 (Figs.  3a and 3b) . New bone formed around implants (Type B) in G2 showed increased bone width and bone contact after 2 weeks. G3 (Figs. 3a and 3b) showed greater bone formation after 2 weeks compared to G1 (Fig. 1a) . New bone formation was also observed around the implant (Type B). After 2 weeks, although increase in the bone width and the bone contact area were observed, bone formation originating from the medullary cavity was not detected and new bone formation around the implant was not complete. In comparison, new bone completely surrounded the implants in the G2 after 4 weeks (Fig. 2b) .
Evaluation of new bone formation using BSI allowed the distinction between existing cortical bone and new bone from the difference in the shade contrast (host bone appeared gray and new bone appeared white) (Fig. 4) .
DISCUSSION
In this study, patterns of new bone formation were examined using BSI. Boyde et al 38 and Gray et al 39 demonstrated that new information on the degree of mineralization and the direction of mineralization from the calcification front and crystallization of calcified tissue can be obtained using BSI. BSI has the following advantages 37 : Fig. 4 . Cortical bone and new bone differentiated from the shade contrast in BSI image. Enlarged photograph of G2 implant after 4 weeks (Fig. 2b) . (1) ability to distinguish new bone from host bone based on the contrast imaging due to differences in the density and atomic number of specimen; (2) higher resolution (Ͻ1 m) with BSI compared with conventional microradiography (50 to 100 m); and (3) simpler specimen preparation required for BSI. In this study, 3 different patterns (Types A, B, and C) of bone formation associated with the implant of differing surface treatments (G1, G2, and G3) were observed using BSI. A diagram of these patterns is shown in Fig. 5 . Type A describes newly formed bone extending from the existing cortical bone. Type B describes new bone formed around implants. Type C describes new bone formed from the medullary cavity. Newly formed bone was differentiated from the existing cortical bone based on differences in the arrangement and density of bone lacunae, and differences in the contrast shade (Fig. 4) .
In G2 group (implant surface gritblasted with apatitic abrasive), 3 types of bone formation were observed. In G3 (implant surface grit-blasted with apatitic abrasive then plasma-sprayed HA surface) and in G1 (implant surface grit-blasted with alumina abrasive) groups, only Types A and B patterns of bone formation were observed. The greatest amount of new bone formation was observed in G2 compared to either G1 or G3 groups.
It is conceivable that the topography of G2 implant surfaces allowed the entrapment and concentration of bone growth factors (e.g., bone morphogenetic proteins) circulating in the medullary cavity causing the surface to be osteoinductive. Such osteoinductive property attributed to bone graft geometry had been reported by Ripamonti et al 40 and Kuboki et al. 41 For G1, grit-blasting with alumina abrasive can cause inclusions of alumina particles, 42 which may inhibit mineralization. In G3, the plasma-sprayed coating consisted of 82% HA and 18% ACP. It is possible that the high crystallinity (high HA content) did not allow sufficient dissolution/precipitation process to occur that would result in a greater amount of bone formation. It has been demonstrated that partial dissolution of calcium phosphate ceramics (HA or ␤-TCP) and subsequent precipitation of carbonate apatite nanocrystals (similar to bone apatite) on surfaces of partially resorbed ceramics are important steps in the formation of new bone. 43, 44 The above speculations may partially explain the differences in the patterns of bone formation and the comparative amounts of new bone formation obtained for the implants having three different surfaces.
CONCLUSION
This study demonstrated that surface properties affect the patterns and amount of new bone formation associated with the implants. Compared to Ti alloy surfaces grit blasted with alumina abrasive or plasma-sprayed coated with HA, surfaces grit-blasted with apatitic abrasive promoted greater formation of new bone exhibited three patterns of bone (1) formation originating from the existing cortical bone; (2) surrounding the implant; and (3) originating from the medullary cavity.
und Respuesta inicial del tejido a las superficies modificada del implante usando imágenes "back scattered" ABSTRACTO: Propósito: Es muy conocido que las propiedades de la superficie del implante afectan la oseointegración. El chorreo con abrasivos y recubrimiento con plasma son métodos para modificar las superficies del implante. Este estudio trata de comparar la dirección de la nueva formación del hueso asociada con tres tipos de superficies. Materiales y Métodos: Varas de aleación de titanio (Ti) chorreada con abrasivo de aluminio (Grupo 1, G1), con abrasivo apatítica (Grupo 2, G2), y con abrasivo apatítico y rociado con plasma con hidroxiapatita (Grupo 3, G3) se implantaron en defectos creados quirúrgicamente en las tibias de conejos blancos de Nueva Zelanda durante 2 y 4 semanas. Luego de sacrificarlos, se obtuvieron y analizaron los implantes y huesos circundantes usando imágenes "back scattered". Resultados: Se observaron diferencias en los tipos de formación de hueso entre los grupos: originándose desde el hueso cortical hacia la superficie del implante (Tipo A), que rodeaban al implante (Tipo B) y que se originaban en la cavidad medular (Tipo C). G1 y G3 mostraron los Tipos A y B mientras que el G2 exhibió los Tipos A, B y C. Después de 4 semanas, se observó una mayor cantidad de hueso nuevo en el grupo G2 comparado con los grupos G1 y G3. Conclusiones: Este estudio demostró que el tipo de formación de hueso resulta influenciado por los méto-dos de modificación de la superficie. O jateamento com abrasivos e cobrir com plasma são méto-dos para modificar superfícies de implantes. Este estudo objetivava comparar a direção da nova formação do osso associada com três tipos de superfícies. Materiais e Métodos: Bastões de liga jateados com abrasivo de alúmina (Grupo 1, G1), com abrasivo apatítico (Grupo 2, G2) e com abrasivo apatítico e borrifados de plasma com hidroxiapatita (Grupo 3, G3) foram implantados em defeitos cirurgicamente criados em tíbias de coelhos brancos da Nova Zelândia durante 2 e 4 semanas. Após o sacrifício, os implantes e ossos circundantes foram obtidos e analisados usando imageamento retrodisperso. Resultados: Diferenças em padrões de formação de osso entre os grupos foram observadas; originando-se do osso cortical em direção à superfície do implante (Tipo A), circundando o implante (Tipo B) e originando-se da cavidade medular (Tipo C). G1 e G3 mostraram Tipos A e B, enquanto G2 exibiu Tipos A, B e C. Após 4 semanas, uma quantidade maior de osso novo foi observada no grupo G2 em comparação com aquela nos grupos. Conclusões: Este estudo demonstrou que padrões de formação de osso são influenciados por métodos de modificação de superfície. 
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